Data, provided by a commercial breeding company, consisted of age at sexual maturity (ASM), Canonical correlation analysis for studying the relationship between egg production traits and body weight, egg weight and age at sexual maturity in layers Y. AKBAŞ, Ç. TAKMA Department of Biometry and Genetics, Faculty of Agriculture, Ege University, Izmir, Turkey ABSTRACT: In this study, canonical correlation analysis was applied to layer data to estimate the relationships of egg production with age at sexual maturity, body weight and egg weight. For this purpose, it was designed to evaluate the relationship between two sets of variables of laying hens: egg numbers at three different periods as the first set of variables (Y) and age at sexual maturity, body weight, egg weight as the second set of variables (X) by using canonical correlation analysis. Estimated canonical correlations between the first and the second pair of canonical variates were significant (P < 0.01). Canonical weights and loadings from canonical correlation analysis indicated that age at sexual maturity had the largest contribution as compared with body weight and egg weight to variation of the number of egg productions at three different periods.
Canonical correlation is a measure of the interrelationships between sets of multiple dependent variables and multiple independent variables. Canonical correlation analysis is a generalization of multiple regression analysis with more than one set of dependent variables. Therefore this multivariate statistical technique is designed to assist the researcher in studying the complex interactions of data from two sets of variables. It is also concerned with two sets of variables related to each other and with how much variance of one set is common with or predictable from the other set (Weiss, 1972) .
Since only a few canonical variates are needed to represent the association between the two sets of variables, canonical correlation analysis is a data reduction technique (Sharma, 1996) .
Hotelling was the first to introduce the canonical correlation technique in 1935 (Wood and Erskine, 1976) . He showed that the number of pairs of weighted linear functions was equal to the number of variables in the smallest set. Then he called the relationship function within these pairs as a canonical correlation. Afterwards, some researchers developed generalized solutions to the simultaneous relationships obtained between more than two data sets.
This powerful multivariate technique has gained acceptance in many fields such as psychology, social science, political science, ecology, education, sociology-communication and marketing (Jaiswal et al., 1995) .
Recently, application of this technique began to increase with the availability of related computer packages. In poultry science and even in animal science, however, there are a few studies (Gürbüz, 1989; Jaiswal et al., 1995) in which canonical correlation analysis was applied.
In this study, canonical correlation analysis was used to estimate the relationships of egg production with age at sexual maturity, body weight and egg weight in layer.
number of produced eggs at 28 wk, 36 wk and 40 wk of age, average daily egg weight during 38-40 wk (EW) of 921 brown layers.
Egg numbers were recorded daily from onset of lay (22 wk) to 40 wk of age. All birds were weighed at sexual maturity age (BW) which was obtained individually according to the laying of the first egg.
Since egg production is a main trait in layer, egg productions from three different periods were included in the first variable set (Y i ) while the second set of variables (X i ) consisted of other traits as follows:
Y 1 = number of eggs up to 28 wk of age (EN 1 ) Y 2 = number of eggs up to 36 wk of age (EN 2 ) Y 3 = number of eggs up to 40 wk of age (EN 3 ) X 1 = body weight at sexual maturity (BW) X 2 = average egg weight during 38-40 wk (EW) X 3 = age at sexual maturity (ASM)
Method
Canonical correlation analysis was used to examine the relationships between two sets of the traits by using PROC CANCORR procedure of SAS (1988) .
Canonical correlation analysis focuses on the correlation between a linear combination of the variables in one set and a linear combination of the variables in another set. Linear combinations of variables are useful for predictive or comparative purposes (Johnson and Wichern, 1986) . Therefore the canonical variates representing the optimal linear combinations of dependent and independent variables and the canonical correlation showing the relationship between them are results of interest (Hair et al., 1998) . Considering the below equations it can be defined that W m and V m are canonical variates.
The correlation between W m and V m can be called canonical correlation (C m ). Squared canonical correlation (canonical roots or eigenvalues) represents the amount of variance in one canonical variate accounted for by the other canonical variate (Hair et al., 1998) .
The standardized coefficients are similar to the standardized regression coefficients in multiple regressions that can be used as an indication of relative importance of the independent variables in determining the value of dependent variable. Therefore the aim of canonical correlation analysis is to estimate canonical coefficients (a m1 , a m2 , … a mp and b m1 , b m2 , … b mq ) when the canonical correlation is maximum.
A serial process can explain the maximization technique as follows. Let the first group of p variables be represented by the random vector, X (px1) , and let the second group of q variables be represented by the random vector, Y (qx1) . For the random vectors X and Y, population mean and (co)variances would be as follows:
Furthermore, X and Y random vectors and (co)variance matrices can be written as follows:
So that the linear combination of the components of X and the components of Y would be W = a'X and V = b'Y, respectively. Then, W and V have the expectation of zero and (co)variances:
The correlation coefficient between W and V is therefore Furthermore, the null and alternative hypotheses for assessing the statistical significance of the canonical correlations are:
For testing the above hypotheses, the most widely used test statistic is Wilks' lambda, given by . Bartlett showed that under the null hypothesis (the sets X and Y are linearly unrelated) a particular function of Λ would be distributed approximately as a chi-squared variate (Levine, 1977) . Therefore the statistical significance of Wilk's Λ requires the calculation of the following statistic:
Where N is the number of cases, ln denotes the natural logarithm function, p is the number of variables in one set and q is the number of variables in the other set.
Large canonical correlation does not always mean that there is a powerful relationship between the two sets of the traits because canonical correlation maximizes the correlation between linear combinations of variables in two groups but does not maximize the amount of variances accounted for in one set of variables by the other set of variables.
Therefore it is suggested to calculate the redundancy measure for each canonical correlation to determine how much of the variance in one set of variables is accounted for by the other set of variables (Sharma, 1996) .
Redundancy measure can be formulated as below 
RESULTS
The cross-product correlation between the traits considered is presented in Table 1 . These correlations show that the relationships of egg numbers at different periods with ASM and BW were negative and higher with ASM than BW. Instead of interpreting many correlations given above, only three correlations need to be interpreted in this study because the number of canonical correlations that needs to be interpreted is minimum number of traits within X or Y set. Estimated canonical correlations between the pairs of canonical variates were found to be 0.81, 0.15 and 0.003 and their probabilities of significance from the likelihood ratio test were 0.0001, 0.0003 and 0.9280, respectively ( Table 2) .
The canonical correlations between the first and second pair of canonical variates were found to be significant (P < 0.01) from the likelihood ratio test. The remaining canonical correlation is not statistically significant (P > 0.05). Significance of likelihood ratio test is also equal to the significance of Wilks' Λ. However the redundancy measure of 0.23 for the first canonical variate suggests that about 23% of the variance in the Y variables is accounted for by the X variables while it was only about 1% for the second canonical variate.
The coefficients of canonical variates from the raw data are given in Table 3 . These coefficients of canonical equations are not unique. So the coefficients should be scaled that the resulting canonical variates had the mean of zero and variance of one. Standardized canonical coefficients or canonical weights for the X and Y variables are given in Table 4 . Magnitudes of these weights represent their relative contributions to the related variate.
Egg production at the third period (EN 3 ) and the age at sexual maturity (ASM) have positive and high (Table 4) . Since the canonical coefficients can be unstable due to small sample size or presence of multicolinearity in the data, the loadings were also considered to provide substantive meaning of each variable for the canonical variate. The loadings are shown in 
DISCUSSION
The cross-product moment correlation gives information only on the relationship between two variables without considering simultaneously other variables that related with each other. Canonical correlation, however, gives us the chance to estimate the correlation between two sets of variables including more than one trait in each at the same time.
Since canonical correlations between the first and second pair of canonical variables were found to be significant, only two pairs of canonical variates are considered. Estimated canonical correlation was the highest (0.81) for the first pair of canonical variates (V 1 and W 1 ) but small (0.152) for the second pair of variates (V 2 and W 2 ) while the third pair shows no association. From the first pair of canonical variates we can say that EN 1 , EN 2 and EN 3 are highly correlated with ASM, BW and EW.
The signs of the standardized coefficients reflect the effects of ASM, BW and EW on EN 1 , EN 2 and EN 3 . From this source of information we can say that ASM and BW have a positive impact on the number of produced eggs at three different periods while EW has a negative impact on it.
Moreover, a redundancy measure of 0.333 for the first canonical correlation suggests that 33.3% of the variance in the Y variables (EN 1 , EN 2 and EN 3 ) is accounted by the X variables (ASM, BW and EW). This value revealed that the first canonical correlation has a high practical significance.
When we considered the first pair of canonical variates and their coefficients, EN 1 and EN 2 contrast with EN 3 in V 1 and ASM is more effective than BW and EW in terms of the contribution to canonical variates W 1 .
The sign of the loading for EN 3 does not agree with the sign of its canonical coefficient in the variate V 1 . This can be explained by small sample size or multicolinearity in the data.
While the loadings ignore the presence of the other variables, canonical coefficients give the contribution of each variable in the presence of all the other variables. Therefore canonical coefficients are important to determine the importance of each variable in canonical variates. However, loadings provide substantive meaning for the canonical variates.
When canonical cross loadings are examined, egg production traits shared similar variance in W 1 as expected, because they are different measurements of the same trait. On the other hand, ASM shared in the variance in V 1 . It can be concluded that selection for the age at sexual maturity (ASM) will affect the improvement of the number of produced egg when the aim is to increase egg production.
